Persistent and vexing health disadvantages accrue to African Americans despite decades of work to erase the effects of race discrimination in this country. Participating in these efforts, psychologists and other social scientists have hypothesized that African Americans' continuing experiences with racism and discrimination may lie at the root of the many well-documented race-based physical health disparities that affect this population. With newly emerging methodologies in both measurement of contextual factors and functional neuroscience, an opportunity now exists to cleave together a comprehensive understanding of the ways in which discrimination has harmful effects on health. In this article, we review emerging work that locates the cause of race-based health disparities in the external effects of the contextual social space on the internal world of brain functioning and physiologic response. These approaches reflect the growing interdisciplinary nature of psychology in general, and the field of race relations in particular.
RACE, RACE-BASED DISCRIMINATION, AND HEALTH OUTCOMES AMONG AFRICAN AMERICANS
The ways in which race, racial prejudice, and race discrimination shape the human experience have long been of interest in psychology and the other social sciences. The purpose of this review is threefold. First, we briefly examine the disconcerting evidence for increasing Black/White disparities in health despite the radical changes over the past 50 years in race-based civil rights in the United States (Walker et al. 2004 ). Next, we explore the notion that African Americans' continuing experiences with racism, discrimination, and possibly social exclusion may account for some proportion of these health disparities (Clark & Adams 2004; Everson-Rose & Lewis 2005; Guyll et al. 2001; Harrell et al. 2003; Massey 2004; Walker et al. 2004; Williams et al. , 2003 . Finally, we focus on three emerging perspectives that locate health disparities in the external influences of social space and the internal effects of body and brain functioning. These latter approaches reflect the growing interdisciplinary nature of research models that attempt to explain the continuing legacy of physical health disparities that harmfully affect African Americans. Our aim is to raise several important questions about the ways in which psychology can engage in a plan of research to address health disparities from race-based discrimination and also take a leadership role in informing the development of social policies that will help American society to accelerate its pace of changing negative race-based attitudes and associated social policies. the world. At the time of McCord & Freeman's study, African American men fell behind men from Bangladesh in survival rates starting at age 40 (McCord & Freeman 1990 , Sen 1993 ). In the United States, life expectancy for African American males experienced an unprecedented drop every year from 1984 to1989, while all other combinations of Black/White male/female comparisons either remained the same or increased (NVSS 2004) .
Today, African Americans still bear a disproportionate burden in disease morbidity, mortality, disability, and injury (MMWR 2005 , Williams 1995 . This continuing health disadvantage is seen particularly in the ageadjusted mortality rates: African Americans remain significantly and consistently more at risk for early death than do similar White Americans (Geronimus et al. 1996 , Kochanek et al. 2004 , Levine et al. 2001 , MMWR 2005 , Smith et al. 1998 , Williams & Jackson 2005 . Indeed, the overall death rate of African Americans in the United States today is equivalent to that of Whites in America 30 years ago (Levine et al. 2001 , Williams & Jackson 2005 .
These premature deaths arise from a broad spectrum of disorders. Diabetes, cardiovascular heart disease, hypertension, and obesity disproportionately affect African Americans (Davis et al. 2003; Krieger 1990; Mensah et al. 2005; USDHHS 1990 USDHHS , 2000 USDHHS , 2005 . For example, in deaths due to heart disease, the rate per 100,000 persons for African Americans (321. 3) is higher than for any other racial/ethnic group, including Asian/Pacific Islanders (137.4), American Indian/Alaska Natives (178.9), Hispanics (188.4), and Whites (245.6) (NCCDPHP 2004) . This same pattern for African Americans in comparison with Asian/Pacific Islanders, American Indians/Alaska Natives, Hispanics, and Whites is repeated in deaths due to diabetes (49.9 versus 16.9, 45.3, 36.3, and 22.1, respectively) and strokes (80.0 versus 51.2, 46.1, 44.0, and 55.9, respectively) . Even prevalence of hypertension per 100,000 is far greater among African Americans (34.2) than among the other major racial/ethnic groups (16.2, 25.8, 18.9, 25.8, respectively) (NCCDPHP 2004) .
Furthermore, these health disadvantages occur in the context of increasing disparities in rates of disease. For example, Williams & Jackson (2005) examined Black/White health disparities using data from the National Center for Health Statistics for the years 1950 to 2000, and found that although rates of heart disease were similar for Blacks and Whites in 1950, by the year 2000, African Americans had a rate of heart disease 30% higher than that of Whites. Similarly, in 1950, African Americans had a lower cancer rate than Whites, but by the year 2000, their rate was 30% higher.
Poverty alone cannot fully explain these differences; even when socioeconomic status (SES) is controlled for, there is still an excess of 38,000 deaths per year or 1.1 million years of life lost among African Americans in the United States (Franks et al. 2005 ). Simple differences in skin color that might be the basis for the occurrence of discrimination also appear to be an inadequate explanation. For example, in the recent National Survey of American Life ( Jackson et al. 2004) , comparisons of 6000 Americans who reported being either Black of Caribbean ancestry, African American, or White revealed that of the three groups, African Americans evidenced the worst self-reported physical health status, including higher rates of hypertension, diabetes, and stroke).
DISCRIMINATION AND HEALTH
The continuing legacy of poor health in African Americans, despite the overall improved conditions of their lives, is one compelling reason to take a closer look at the role discrimination may play. The health disparities that affect African Americans in this country arise from many sources, including cultural differences in lifestyle patterns, inherited health risks, and social inequalities that are reflected in discrepancies in access to health care, variations in health providers' behaviors, differences in socioeconomic position (Fiscella & Williams 2004; Krieger 1991 Krieger , 1999 Krieger & Moss 1996; Krieger et al. 1997; Subramanian et al. 2005) , and residential segregation (Massey 2004 , Schulz et al. 2000 . The extent to which these health disparities are also shaped by the pernicious effects of race-based discrimination is of growing interest (Clark 2003 , Clark et al. 1999 , Cochran & Mays 1994 , Everson-Rose & Lewis 2005 , Geronimus et al. 1996 , Guyll et al. 2001 , Harrell et al. 2003 , Hertzman 2000 , Krieger & Sidney 1996 , Massey 2004 , Mays 1995 , Mays & Cochran 1998 , Mays et al. 1996 , McEwen 2000 , Mechanic 2005 , Morenoff & Lynch 2004 , Walker et al. 2004 .
From the perspective of discrimination models, the causal mechanism linking racial/ethnic minority status and health disadvantage is thought to lie in the harmful effects of chronic experiences with race-based discrimination, both actual and perceived. These experiences are thought to set into motion a process of physiological responses (e.g., elevated blood pressure and heart rate, production of biochemical reactions, hypervigilance) that eventually result in disease and mortality.
In attempting to elucidate the negative health outcome mechanisms of race-based discrimination, the effects of both overt and anticipated or perceived experiences of racebased discrimination have been examined. Studies of overt or manifest discrimination typically measure events occurring at the individual level by asking respondents if they have been "treated badly or unfairly," "differently," or are somehow "disadvantaged" relative to others based on their racial or ethnic background (Krieger et al. 2005) . The foundation of this work came from the earlier stress research paradigm, where individual differences in vulnerability to stress were seen as key to the development of mental health morbidity (Kessler et al. 1999) . Factors that were thought to predispose individuals to negative mental health outcomes include unfair treatment and social disadvantage as well as other social stressors, such as inadequate levels of social support, neuroticism, the occurrence of life events, and chronic role strain (Adler et al. 1994 , Brown & Harris 1989 , Henderson et al. 1981 , Kanner et al. 1991 , Lazarus 1993 , Pearlin et al. 1981 , Thoits 1983 ). Later studies examining the possible consequences of perceived discrimination began to document that simply the anticipation of being treated badly or unfairly had as powerful an impact on individuals as objectively measured experiences (Kessler et al. 1999) . Both of these developments helped move the field toward hypothesizing that chronic experiences with perceived discrimination can have wide-ranging effects on individuals.
Several studies have now documented health effects of discrimination. In one study, experiences of perceived race-based discrimination were positively associated with raised blood pressure and poorer self-rated health (Krieger & Sidney 1996) . Perceived racebased discrimination was also found to be the best predictor of smoking among African American adults in two studies (Landrine & Klonoff 2000) . Moreover, smokers, as compared with nonsmokers, reported finding the experience of discrimination as subjectively more stressful. In fact, this appraisal of discrimination as stressful was a better predictor of smoking than was the measured status variables of education, gender, income, and age. Landrine & Klonoff (2000) have suggested that perceived race discrimination and the appraisal process maybe key factors in explaining the Black-White differential in smoking prevalence, where smoking possibly acts as a means of coping with stress. The issue gains even greater relevance when one considers that the Black-White differential exists not only in smoking prevalence, but also in smoking-related morbidity, mortality (MMWR 1996 , Rivo et al. 1989 , and death from respiratory cancers (CDC 1994 , USDHHS 1998 . Similar findings in research on alcohol consumption among African Americans indicate that internalized racism (i.e., a belief that African Americans are inferior) is positively associated with alcohol use as well as psychological distress (Taylor & Williams 2003) .
In the 1990s, the perspective in this field shifted somewhat to emphasize the importance of chronicity of discrimination exposure in negative mental health outcomes (Kessler et al. 1999) . At the same time, interest in the effects of discrimination on health outcomes strengthened as the federal government released the Healthy People 2000 and Healthy People 2010 objectives, the yearly National Health Care Disparities Report (USDHHS 2005) , and reports from the Institute of Medicine on Unequal Burden (Haynes & Smedley1999) and Unequal Treatment (Smedley et al. 2003 Krieger & Sidney 1996; McEwen 1998 McEwen , 2005 Morenoff & Lynch 2004) . These studies focused on the perspective of the person being targeted (Eberhardt 2005 , Everson-Rose & Lewis 2005 , Golby et al. 2001 , Harrell et al. 2003 , Mays & Cochran 1998 , Meyer 2003 as well as on the characteristics of persons who target others (Eberhardt et al. 2003 (Eberhardt et al. , 2004 Phelps et al. 2000 Phelps et al. , 2003 .
The result has been a great melding of disciplines, tools, and perspectives to identify the important components of the pathways linking race-based discrimination and negative health outcomes. For example, human brain imaging is now used to observe cognitive processing of experiences of social exclusion (Eisenberger & Lieberman 2004) . Biological measures of race-based stress (allostatic load) reveal intricate relationships among the brain, immune system, autonomic nervous system, and the hypothalamicpituitary-adrenal (HPA) axis (McEwen & Seeman 1999) , as well as the ways in which unhealthy environmental stimuli can "get under the skin" of individuals to cause negative health outcomes (Massey 1985 , Taylor et al. 1997 . Political scientists interested in racial inequalities of criminal behavior and in a number of other areas are looking at the interaction between environmental exposures and brain chemistry (Masters 2001) .
NEW APPROACHES TO OLD ISSUES
Across the disparate fields of psychology, sociology, and neuroscience, work is converging on "candidate" variables (e.g., social processes, functional neuroscience, contextual effects) that might be essential to understanding underlying processes associated with racial discrimination and negative health outcomes in African Americans. The challenge, at this point, is to cleave together the literatures examining the upstream side of discrimination and health with its focus on behavioral, social, and psychological factors to those studying the downstream biological pathways and molecular events that are proximal causes of the high rates of disease and disability (Kaplan 1999 , Schillinger et al. 2005 ). In the past decade, particularly, the number of models proposed to account for the relationship between race-based experiences and poor physical and mental health have exploded (Clark 2003 , Clark et al. 1999 Smedley et al. 2003) . Several of the race-discrimination-health pathway models posit connections among environmental stimuli including conditions of violence, poor education, and negative social connectedness or early childhood exposure to these conditions, and resulting changes in brain functioning and bodily psychophysiological responses (Clark 2003 , Clark et al. 1999 Smedley et al. 2003) . Across these many models, three elements consistently emerge: (a) an emphasis on the importance of unhealthy social spaces in which racial stratification (particularly in the form of residential segregation) serves as a structural lattice for maintaining discrimination; (b) intergenerational and life-span effects of race discrimination that result in pernicious effects on health despite increasingly better opportunities and better environments; and (c) chronicity and magnitude of race-based discrimination (e.g., major life events, everyday hassles, and reduced opportunities) as an allostatic load factor in negative health outcomes. We discuss below three emerging areas where contributions to elucidating the candidate variables in the racediscrimination-health pathway arise in the context of new methodologies.
2SOCIAL PLACE, UNHEALTHY ENVIRONMENTS, RACIAL STRATIFICATION, AND HEALTH OUTCOMES
In recent years, the concept of place, particularly social place (e.g., geographic location, local context, neighborhood), has emerged as an important construct in understanding the contributions of discrimination in fostering ill health and health risks (Diez Roux 2002 , Ellen et al. 2001 , Morenoff & Lynch 2004 . Traditionally, research on the health of African Americans focused on individual-level risk factors, with ownership for change residing in individual-level strategies. But the newer work argues for casting a broader net that will capture more complex and multilevel factors in the environment. These are hypothesized to play a significant role in the health status and health outcomes of individuals (AcevedoGarcia et al. 2003; Diez Roux 2001 , 2003 Diez Roux et al. 1997; Krieger 1999; O'Campo et al. 1997; Pickett & Pearl 2001; Williams & Harris-Reid 1999) . For example, a number of sociologists and epidemiologists have made the case that neighborhood is a critical variable in mediating access to economic opportunities, social connections, and social capital (Diez Roux 2003 , Massey 2000 , O'Campo et al. 1997 , Oliver & Shapiro 1995 , Wilson 1987 ), all of which are components that mediate health status. Integrating neighborhood level effects into models of individual risk represents an intriguing new methodology for psychologists.
When neighborhoods work well, they are a place where individuals derive many social benefits. However, when neighborhoods are characterized by persistently low SES and residential segregation, often linked to ethnic/racial minority population concentrations (Acevedo-Garcia 2000 Lester 2000; O'Campo et al. 1997; Peterson & Krivo 1999) , then African Americans living in those neighborhoods have higher rates of morbidity and mortality. Residential segregation that creates concentrated neighborhoods where residents are predominantly poor, racial/ethnic minority, or of immigrant status are social spaces with concentrated social problems. This increases the chances that residents, whatever their individual backgrounds, will experience greater exposure to stressful environments while also having fewer resources with which to cope with these exposures (Boardman 2004; Roberts 1997 Roberts , 1999 Macintyre et al. 2002) . Roberts (1997 Roberts ( , 1999 presents three different pathways by which poor and often racial/ethnic minority-inhabited neighborhoods can have an effect on individual health. First, poorer communities are less likely to have adequate health and social services, creating a problem of access and timely use. Also, the physical environments are more likely to expose the residents to health hazards (e.g., air pollution, lead, dust, dirt, smog, and other hazardous conditions). Finally, the concentration of poverty and its related characteristics (e.g., exposure to drugs, crime, gangs, and violence; unemployment, stress, and anxiety; substandard housing and schools; and lack of green space or fresh fruits and vegetables) often creates social environments that lessen social connectedness and provide fewer social benefits for residents. Although the perspective that some neighborhoods are less fostering of health than others is not new, researchers who are linking this idea to biological responses that might arise from chronic neighborhood stressors are gaining new insights. In Figure 1 , we depict sociologist Douglas Massey's (2004) model of the upstream/downstream process of risk for specific disease states for African Americans. The pathway begins with two correlated factors: residential segregation and social economic inequality. These factors work to concentrate social stressors, which in turn set into motion high allostatic loads that are associated with increased risk for coronary heart disease, chronic inflammation, and cognitive impairment. In racially segregated, poor neighborhoods, both chronic and acute daily stressors (e.g., violence, unemployment, personal safety concerns) repeatedly invoke a biological challenge similar to the flight/fight response. According to Massey, an African American living in this unhealthy environment responds at a biological level with persistently elevated levels of cortisol and other glucocorticoid hormones. The effect of the chronic stress response is a premature wearing down of the body and a greater tendency to develop specific disease processes.
One of the issues in current work in the area is identifying the core elements in an unhealthy environment that activate a sense of danger or, conversely, protect against harmful effects of chronic neighborhood stressors. Some of the pertinent work has examined the consequences of negative social interactions and has discovered positive associations between perceptions of being treated badly, lacking social support, and an absence of emotional warmth and closeness and patterns of physiological arousal associated with cardiovascular, sympathetic nervous system reactivity (Repetti et al. 2002; Seeman et al. 1993 Seeman et al. , 1995 Ursa et al. 2003) . For example, KiecoltGlaser and colleagues found that 30 minutes of conflict between a married couple was associated with changes in norepinephrine, cortisol, and adrenocorticotropic (ACTH) levels, with both husbands and wives showing decreased immunologic responsiveness during the conflictual communication (KiecoltGlaser et al. 1997 , Robles & Kiecolt-Glaser 2003 .
Intergenerational and Developmental Perspectives
Researchers are also making a strong empirical case for the importance of positive emotions and positive relationships as critical ingredients in healthy children and healthy adults. Seeman and her colleagues www.annualreviews.org investigated the relationship between social environments and the activation of biological responses (Repetti et al. 2002 , Seeman et al. 1993 . Their findings show that when children are exposed to environments characterized by conflict and low levels of nurturance, they are more likely to present dysregulated cortisol activity and show greater cardiovascular and sympathetic nervous system reactivity in the face of stress-related challenges. Similarly, Taylor and colleagues, working with Seeman in reviewing the literature in this area, identified three characteristics of children and young adults' family social environments that contribute to negative mental and physical health in later adult years (Taylor et al. 1997) . These are (a) social environments that are conflictual, angry, violent, or abusive; (b) parenting styles that are highly domineering or controlling; and (c) parent-child relationships that are unresponsive and lack the characteristics of warmth, social cohesiveness, and emotional support. Furthermore, a growing number of studies indicate that positive social interactions, positive expectations in the form of optimism, positive illusions, and hopeful outlooks are associated with physiological arousal patterns and biological responses (e.g., lower ambulatory blood pressures) to stress challenges that are consistent with long-term positive physical and mental health outcomes (Fredrickson 2000; Ryff & Singer 2000 Seeman & McEwen 1996; Taylor & Brown 1994; Taylor et al. 1997 ).
Identification of candidate psychosocial variables that strongly influence health disparities in this country offers the possibility of developing more highly tailored and efficacious interventions, particularly if these interventions began in childhood. In the United States, one in five children grow up in neighborhoods characterized as poor, and for racial/ethnic minorities, particularly African Americans, the rates are even higher (Mather & Rivers 2006) . Children who grow up in these poor neighborhoods are at higher risk than their counterparts in more affluent neighborhoods for a number of health challenges, including teen pregnancy, substance abuse, obesity, smoking, limited exercise, and poor dietary habits, as well as early departure from formal education activities, all of which are risk factors for premature mortality, morbidity, or disability (Mather & River 2006 , Messer et al. 2005 . Unfortunately, there is also strong evidence that individuals who live in poor neighborhoods as children are more likely to end up as adults living in poor neighborhoods with extended families that also live in similar neighbors (Mather & River 2006) . Concentrations of families within higher-risk neighborhoods increase individual burden, especially when there is a local catastrophe, as occurred during Hurricane Katrina.
Efforts such as those of Seeman, Repetti, Taylor, Ryff, and others move beyond descriptive epidemiology into the realm of elucidating possible social psychological processes that mediate connections between the conditions in poor neighborhoods and the experience of the individual. This work is important to identifying the ways in which social context influences health disparities in African Americans. Nevertheless, little of the literature cited above examined the specific experiences of African Americans. Some studies have shown a negative health impact of repeated experiences with race discrimination in African Americans, particularly when the response is one of a passive coping style (Krieger 1990 , Krieger & Sidney 1996 . These results suggest that repeated experiences with race-based discrimination are associated with higher resting systolic blood pressure levels (Armstead et al. 1989 , Clark 1992 , Clark et al. 1999 , Harrell et al. 2003 , James et al. 1984 , McNeilly et al. 1996 ) and more frequent reports of being diagnosed with hypertension (Krieger 1990 , Krieger & Sidney 1996 . Drawing from a larger body of work in this area, one can hypothesize that living in neighborhoods characterized by concentrations of poverty and violence may have harmful effects on both the immune system and neuroendocrine responses. But further study is needed to quantify the nature of these effects.
Allostatic Load: A Physiological Approach to Understanding the Effects of Race-Based Discrimination
Another model developed by neuroscientist Bruce McEwen to explain the effects of stress on the human body is allostatic load. This model can also be used to conceptualize the possible deleterious effects of race-based discrimination. In McEwen's model, the emphasis is on the interaction between cognitive processes and physiologic response (see Figure 2 , see color insert). In this model, race-based discrimination could be viewed as creating a chronic biological challenge to the human regulatory systems. According to this model, homeostasis is the internal processes of the body that regulate its response to challenges and demands. Allostasis, on the other hand, is the process of the body's response to those challenges (McEwen 1998 (McEwen , 2004 (McEwen , 2005 McEwen & Stellar 1993) . The simplest example of the allostasis process is the flight/fight response that occurs when one experiences a challenge, demand, or perceived danger. This response operates through the engagement of the sympathetic nervous system, the HPA axis, and the immune system. McEwen argues that when chronic and/or excessive demands are placed on the body's regulatory systems, these systems over time will exhibit "wear and tear," losing their ability to efficiently and effectively respond to demands (McEwen 2004 (McEwen , 2005 . One possible consequence is overt disease pathology. Invoking McEwen's model extends the scope of stressors (challenges) in Massey's model to include environmental stressors of work, home, social relationships, major life events, traumas, and abuses (McEwen 2000) . McEwen's model could include racially discriminatory behavior in social interactions as stressors that send the body into allostasis (Brondolo et al. 2005 , Mays & Cochran 1998 , Mays et al. 1996 .
Although increased physiological and psychological arousal during an acute stress response is temporarily and evolutionarily advantageous, continuous bouts of stress such as those daily hassles of race-based discrimination along with frequency of exposure to stressful life events ( Jackson 2004 , Kessler et al. 1999 ) could significantly alter physiological responses of African Americans (Benschop & Schedlowski 1999 .) Indeed, McEwen finds that moderate challenges to the cardiovascular system actually mobilize energy through the activation of the sympathetic nervous system and enhance immune response. This can be seen in the positive role of exercise in maintaining health. However, when the stress challenge to the cardiovascular system is prolonged and excessive to the point of allostasis, immunity is suppressed, blood pressure increases, and, over time, atherosclerosis can develop (McEwen 2002) , resulting in coronary vascular disease.
Although McEwen's model is not specific to African Americans, like Massey's model (2004) , it identifies a number of downstream health effects that are expected to result from race-based discriminatory stress challenges that Massey has identified as more prevalent among African Americans. Together, these two models offer perspectives on the ways in which chronic experiences with racial discrimination might exert harmful effects on African Americans' health. Recent studies have shown, for example, that the experience of stressful racial discrimination places African Americans at an increased risk of developing hypertension (Din-Dzietham et al. 2004 ) and carotid plaque (Troxel et al. 2003 American women (Dole et al. 2004; MMWR 1999 MMWR , 2002 . Furthermore, African American women as compared with White women have a threefold higher rate of very-lowbirth-weight babies, secondary to preterm births (Carmichael & Iyasu 1998) . The extent to which experiences with discrimination underlie this health disparity is not fully known, but in one study, African American mothers who scored high on a measure of perceived racial discrimination were twice as likely to deliver low-birth-weight infants (Ellen 2000) . In a second longitudinal study of 6000 pregnant women, blood samples were taken through the first and second trimesters of pregnancy. Results suggest a correlation between high placental levels of the stress hormone corticotrophin-releasing hormone and preterm delivery (Rich-Edwards et al. 2001) . Finally, in a third study, abnormally high levels of corticotrophin-releasing hormone were shown to have a strong correlation with longterm stress (Pike 2005) . Although the evidence is still being accumulated, it points to a plausible set of links in a pathway model connecting race-based discrimination, stress, and negative preterm birth outcomes in African American women. In his model of racism and negative health effects, Hertzman (2000) makes the further distinction that the negative health outcomes occur not only at the time of preterm birth, but also in later life because preterm birth increases the risk of eventual coronary heart disease, high blood pressure, diabetes and other chronic diseases in offspring. Problems with preterm and low-birthweight babies do not disappear with improving socioeconomic conditions. Collegeeducated African American women as compared with college-educated White American women still are more likely to deliver infants with low birth weight (Schoendorf et al. 1992) . Indeed, in comparison with White American women, second-generation high-SES African American women continue to be at higher risk for low-birth-weight deliveries (Foster et al. 2000) . A study of second-generation high-SES African American female college graduates and their mothers was compared with a similar cohort at Yale on rates of low birth weight and preterm delivery. Results from this study found that despite two generations of increasing SES in the African American college students, they still had the higher rates of low-birth-weight and preterm delivery, with only modest improvement over the generations (Foster et al. 2000) . Furthermore, African American women born in the United States and Caribbean-born women in the United States differ in their risk for low-birth-weight deliveries, with African American women being more likely to give birth to lower-birth-weight babies (Cabral et al. 1990 , Fuentes-Afflick et al. 1998 , Guendelman & English 1996 , Hummer et al. 1999 , Pallotto et al. 2000 .
EXAMINING REAL-TIME RACE-BASED PROCESSES OF DISCRIMINATION IN THE BRAIN
In the past, studying the brain directly required waiting until death to perform an autopsy or using methods too indirect to capture the subtleties of brain function. Now, with the use of methods to map the human brain, we can map hallucinations as they occur or elucidate the complex circuits and structures in the brain associated with emotions such as sadness, joy, anger, pain, or even the brain's role in helping us to read human emotions in facial expressions (Panksepp & Gordon 2003) . The tools of functional magnetic resonance imaging (fMRI), positron emission tomography, dense-array electroencephalograph technology, and the measurement of evoked potentials combined with the methods of psychoneuroimmunology offer exciting opportunities to link the occurrence of everyday social inequalities to brain function and physiologic reactions.
Exciting research that melds the study of social cognition with the techniques of brain ANRV296-PS58-24 ARI 28 August 2006 15:22 mapping have begun to allow direct examination of the functional effects of social inequalities based on social exclusion (Eisenberger et al. 2003) interracial Black/White race contact responses (Baron & Banaji 2006; Cunningham et al. 2004; Eberhardt 2005; Golby et al. 2001; Lieberman et al. 2005; Phelps et al. 2000 Phelps et al. , 2004 , and social pain (Brown et al. 2003 , Macdonald & Leary 2005 in brain function. These recent studies have expanded the opportunity to study the relationship between external events and internal brain processes as well as to elucidate the factors that make up the pathways of downstream health effects. In their examinations of how the brain processes social information during functional scans, researchers have shown that neural activity occurs in the brain structures that are directly responsible for activation of stress and the allostatic load responses.
In particular, two brain structures, the amygdala and anterior cingulate cortex (ACC), show activation in response to social stresses (Baron & Banaji 2006; Lieberman et al. 2005; Macdonald & Leary 2005; Phelps et al. 2000 Phelps et al. , 2004 . In addition to examining the role of these brain structures in response to social stresses, it is also useful to consider what contributions the processes of cognitive appraisal, self regulation, and social exclusion may play in the effects of race-based discrimination on the health of African Americans.
The Amygdala and Race Imaging
The amygdala plays a key role in the processing of emotions, including anger and fear. It is also the neural structure of the brain that is involved in forming and storing memories for emotional events. Historically, the amygdala was studied in relation to fear conditioning primarily in experiments that used rats.
Recently, fMRI studies have demonstrated real-time effects in the amygdala when humans view fearful and threatening imagery (Delgado et al. 2006 , Phelps 2006 , Phelps et al. 2004 ). These studies show that as the amygdala responds to a fearful image, it initiates the stress response, in which the body recruits energy while it decides whether to fight or to take flight. Thus, the amygdala is key to understanding the process of allostatic load, or overactivation of the stress response. In a series of recent studies, all from different labs, results indicate that for both White and Black participants, the viewing of Black faces, as compared with White faces, results in higher measurable levels of implicit brain activity in the amygdala (Cunningham et al. 2004 , Phelps et al. 2003 . This amygdala activation associated with race-related processing has been interpreted as representing fear conditioning to "culturally learned negative associations regarding African Americans" . Not so surprisingly, it also suggests that implicitly learned negative racial stereotypes about African Americans can be learned and encoded as a response by African Americans as well as White Americans (Olsson et al. 2005) . Viewed from Massey's model of racial stratification and poor health outcomes in African Americans, these findings suggest that implicitly learned fearful racial stereotypes may function to make the experience of living in race-segregated and poor neighborhoods a continuing source of chronic stress. This is not to say that racially/ethnically concentrated neighborhoods may not also be a source of providing social support, social connectedness, and a sense of belonging among African Americans (Cutrona et al. 2000) . Both sets of conditions can occur simultaneously. But these laboratory findings hint that highly segregated, highly dense neighborhoods, plagued by high rates of crime and poverty, may create a social context in which chronic activation of fear responses leads to greater occurrence of the experience of allostatic load.
The Anterior Cingulate Cortex and Race
Another structure of the brain that is important to consider in examining real-time processes in race-based discrimination is the ACC. Recent studies have described the ACC as a discrepancy detector that monitors and regulates brain processes directed toward achieving goals. It is believed that the ACC functions at the subconscious level by being vigilant to conflicts to our goal attainments. In the case of conflict, the ACC engages conscious cognitive processes of the prefrontal cortex (PFC) to assist in either accommodating to or reducing the conflict (Eisenberger et al. 2003) . Cognitive processes used by the ACC in its discrepancy-detector role include reasoning, decision making, motivation, and emotional regulation (Botvinick et al. 2004 ). These processes can facilitate an adaptive change to bodily states, such as altering heart rate, through mediation by the sympathetic nervous system (Critchley 2005; Critchley et al. 2000 Critchley et al. , 2001 Critchley et al. , 2003 . The PFC also has the ability to reduce activation of the ACC (thus reducing discrepancies in goals) as well as to increase activation of the ACC, resulting in hypervigilance. Put succinctly, the actual "function of the ACC is to integrate motivationally important information, with appropriate bodily responses" (Critchley et al. 2001) . In this context, the ACC emerges as a brain structure with the ability to not only recruit cognitive function to reason and to assess race-based discrimination, but also to play a role in the mediation of aspects of the physiological downstream reactions to race-based discrimination.
Those who have studied discrepancy detection view the ACC as a critical monitoring system (Botvinick et al. 2001 (Botvinick et al. , 2004 Eisenberger et al. 2005) . When the ACC experiences any inconsistencies between desired goals and impediments or conflicts, its activation acts as a neural alarm to the body that something has gone wrong (Botvinick et al. 2001 (Botvinick et al. , 2004 Braver et al. 2001; Carter et al. 1998; Eisenberger et al. 2005; Weissman et al. 2003) . The result is a greater demand on conscious cognitive processes with the goal to minimize the discrepancies in current actions so actions can once again lead to desired goals (Carver & Scheier 1990) . As discrepancies resulting from goal conflicts are reduced, so too is activation in the ACC, quieting the alarm and returning the body to homeostasis.
In addition to activation issues with the ACC, Thayer & Friedman (2004) suggest that in a situation where a threat is everpresent, as is the case for possible experiences with race-based discrimination, inhibition of the limbic system by the prefrontal cortex PFC is also partially released. The result is a state of compromise by the brain that allows hypervigilance and perseverative thought to decrease heart rate variability and increase the allostatic load indicators of blood pressure and cortisol through the amygdala and HPA axis activation (Winters et al. 2000) . Expectations of race-based discrimination might result in hypervigilance, which would then result in a greater tendency to perceive conflict discrepancies, in spite of behavior that to some may appear not to be overtly discriminatory.
A key topic in understanding the possible role of the ACC, and collaterally the PFC, in linking African Americans' experiences with race-based discrimination and downstream health effects may be that of social exclusion. Social exclusion is a general term used by social policy makers and social scientists to refer both to the consequence of being excluded or marginalized from desired social groups as well as the processes by which this occurs (Macdonald & Leary 2005) . Social exclusion may be a consequence of discrimination and prejudice, as well as a mechanism by which discrimination and prejudice can be enacted. Social exclusion is actually best thought of as a dynamic concept in which it is related to social processes that can lead to social isolation of specific groups and individuals when they are marginalized by organizations, groups, or institutions within society. For those who are socially excluded, there is the psychological experience of loss in both a sense of belonging ANRV296-PS58-24 ARI 28 August 2006 15:22 to a desired group and denial of opportunity to participate in certain social, political, cultural, educational, or economical opportunities and rights (Tezanos 2001) . For many, this description of social exclusion parallels that of discrimination, or social rejection. Underwood et al. (2004) find not only that social exclusion and social rejection are similar, but also that both create a common pathway in relationship to pain (Baumeister & Leary 1995) . Indeed, it has been argued that "being excluded from social groups ranks among the most aversive of human experiences" (Labonte 2004) .
In fMRI neuroimaging studies of social exclusion, Eisenberger et al. (2003) found that the anterior cingulate cortex acts as a "neural alarm system or conflict monitor" that is sensitive to the experiences of social pain when social exclusion occurs (Eisenberger & Lieberman 2004 , Macdonald & Leary 2005 ). Social pain is described as a unique form of aversive distress that is felt specifically when rejection or social exclusion occurs (Eisenberger & Lieberman 2004 , Macdonald & Leary 2005 .
To the extent that experiences of racebased discrimination are perceived similarly to experiences of social exclusion, perceived discrimination too might share-at the level of brain functioning-properties similar to those of social exclusion. This may explain a second paradox in African American health: rates of psychological distress are typically higher as compared with rates for White Americans, but rates of many common, stresssensitive major mental disorders such as major depression and most anxiety disorders are lower (MMWR 2004 , USDHHS 1999 . Higher distress levels may reflect chronic activation of unpleasant feelings of anger, hypervigilance, or being on edge. Perceived racial discrimination, with its implied obstruction in access to both belonging to a group and access to social resources, may result in social pain. This may draw the body away from homeostasis and possibly result in the activation of stress-related allostatic responses.
Self-Regulation, Social Acceptance, and Cognitive Appraisal in Race-Based Discrimination
The brain is not a passive recipient of stimulation. Self-regulation and cognitive appraisal are processes that allow individuals to achieve and maintain personal and social goals, including social relationships (Lieberman 2007) . Self-regulation has been proposed as indispensable for the maintenance of social acceptance (Baumeister et al. 2005 , Carver & Scheier 1981 . Self-regulation refers to such functions as executive and cognitive control, emotion and affect regulation, and maintenance of motivational drive (Baumeister & Vohs 2004 , Beauregard et al. 2001 , Muraven et al. 1998 , Ochsner & Gross 2005 , Ownsworth et al. 2002 , Posner & Rothbart 1998 , Ylvisaker & Feeney 2002 . Self-regulation of emotion maps onto the structures of the amygdala, ACC, and PFC, and thus may be related to the processes of race-based discrimination. In response to social stressors, individuals self-regulate in complex ways that might strengthen social bonds (Higgins 1996, Leary et al. 2006 , Williams & Sommer 1997 or lead instead to increased levels of aggression, depression, and unhealthy behaviors such as tobacco smoking and alcohol and drug use or abuse. An examination of the role that cognitive appraisal and self-regulation play in race-based discrimination and health outcomes in African Americans may provide some useful insights into the pathways of the upstream/downstream discrimination and health relationship.
Self-regulation has been shown to increase the retention of social information about events surrounding an individual's experience of social rejection (Gardner et al. 2000) . For example, in an experiment examining the selective retention of socially relevant events, subjects experiencing social rejection had a greater recall of the events than did subjects who experienced social acceptance (Gardner et al. 2000) . In addition, a main effect for negative-event recall was greater than for positive events. In particular, the negative aspects of social rejection are consolidated to memory for the individual as a source of potential future harm and avoidance. These findings raise interesting issues to consider in the dynamics of the cognitive appraisal process in race-based discrimination. For example, individuals who have been rejected as the result of perceived racial discrimination may be more likely to have a heightened surveillance for negative social cues that resemble race-based discrimination and social rejection in comparison with individuals who are commonly accepted.
The ability of the appraisal system to selfregulate emotional control can be achieved through the lateral PFC. But, Wheeler & Fiske (2005) have also found that the emotional response to race-related imagery can be altered at the level of the amygdala. For example, studies (Cunningham et al. 2004 , Phelps et al. 2003 have demonstrated that presentation of Black faces as compared with White faces results in greater activation of the amygdala. This activation was thought to lie in a process in which simply viewing Black faces stimulated negative stereotypes and prejudicial amygdala activation to outgroup members. However, Wheeler & Fiske (2005) demonstrated that a differential response of the amygdala to White and Black faces could not be achieved by visual inspection alone. Instead, a face must be cognitively processed to a level at which it achieves some social relevance before differential amygdala activation occurs. This suggests that cognitive appraisal of race-based discrimination occurs at multiple levels in the brain. Indeed, the ACC in many ways acts as a social monitor by responding to stressors of social rejection (Eisenberger et al. 2003) . If the processes that occur in the brain for race-based discrimination are the same or very similar to those documented in ACC activation in the study of Eisenberger et al. (2003) , we would then speculate that the ACC plays an intermediary role in the process of cognitive appraisal as it directs the recruitment of higher cognitive and emotional processing in the actual appraisal process.
A puzzling dilemma is posed to African Americans with regard to self-regulation. The authors of self-regulation and social rejection studies have pointed to a role of selfregulation to achieve social goals and acceptance. But the challenge may be for African Americans to quiet a regulatory system that is stimulated toward hypervigilance. Race-based discrimination may exact a chronic toll on the self-regulatory system and shape cognitive appraisals in ways that have yet to be studied.
NEXT STEPS IN A RESEARCH, INTERVENTION, AND PREVENTION AGENDA
Although there is growing support for the importance of a relationship between experiences with race-based discrimination and various physical health outcomes in African Americans, full understanding of the phenomenon is still a long way off. Indeed, in the next couple of decades, work from other fields, such as the genetic bases of mental and physical health morbidities, promises to complicate attempts to fully capture the complex causal pathways that link the effects of discrimination in the social environment to health at an individual level. But the emerging methodological tools and the increasingly interdisciplinary nature of health-related research offer the promise of articulating how social unfairness works to harm individual health. The work that we have reviewed here merely highlights new directions in the research in this area.
If these methodologies succeed in reliably identifying insidious neighborhood effects on health or specific areas of the brain that are damaged by discrimination, psychologists will face new challenges. What are our social responsibilities to change or alter the conditions that harm health? How do we develop interventions to alter neighborhood structure? If the effects of discrimination are such that early experiences with being treated badly or unfairly alter brain function toward greater sensitivity, quicker reactivity, and greater vulnerability to the impact of later experiences, would we then assign less blame or responsibility to either the behavior of individuals who experience discrimination or the behavior of perpetrators of discrimination on individuals who themselves have had early exposures to discrimination? What will be our societal response if science establishes that discrimination is a brain assault with tangible harmful effects on both quality of life and physical health?
A number of important areas could be more fully explored to help us gain insights into the pathways that may account for the relationship of experiences of racebased discrimination to negative health status in African Americans. Because of page constraints in this review, we could not fully address all of the areas, and for some areas that we discussed above, there was a need for brevity. However, we have, presented a number of concepts, many of which are still only possibilities that remain in need of further study to explain upstream/downstream health effects in African Americans.
Psychology is unique as a discipline in being located with one foot solidly in the science of upstream effects and the other in the direct examination of downstream effects. That places us in an enviable position to study the effects of racial discrimination and negative health outcomes in African Americans in a comprehensive manner. In doing so, we honor our long tradition of efforts to use the scientific method to pursue social justice and fairness (Deutsch 1975 , Lewin 1997 . Much of America's ability to dialogue dispassionately about race had its birth in the early research done by social psychologists on racial attitudes and symbolic racism (Bobo 1983; Bobo & Fox 2003; Sears 1998; Sears & Henry 2003 . This work has also informed the justice system. With these emerging methods, approaches, and collaborative relationships, psychology as a discipline has even greater opportunities to shape our understanding of the ways in which race, racism, and race-based discrimination affect the health of African Americans.
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